The acetone extract of the aerial parts of Sideritis caesarea Duman, Aytaç & Başer (Lamiaceae) afforded the flavonoids penduletin (1) and apigenin (2) and 6 glycosylated flavonoids, (7), and
Introduction
The genus Sideritis (Lamiaceae) is distributed mainly in the Mediterranean (including North Africa, the Iberian Peninsula, the Mediterranean countries, and the Middle East) and Macaronesian regions. Sideritis comprises more than 150 species. In Turkey 46 species, 12 subspecies, and 2 varieties grow, among which 36 species, 10 subspecies, and 2 varieties are endemic. The genus Sideritis is characterized by its essential oil constituents, 7 diterpenoids, 8−11 and flavonoids.
12,13
In a former study we reported 5 diterpenoids, all with the ent-kaurane skeleton, from the acetone extract of
Sideritis caesarea. 11 The present study is the first report on the isolation and structure elucidation of its * Correspondence: halfonbe@boun.edu.tr flavonoid constituents. Although the flavone apigenin (2) and glycosylated flavonoids (3) (4) (5) (6) (7) (8) have been isolated from other Sideritis species, the trimethoxylated flavone penduletin (5,4'-dihydroxy-3,6,7-trimethoxyflavone)
(1) was isolated for the first time from a Sideritis species (Figure 1 
9,17
Oxidative stress is a factor contributing to the progress of neurodegeneration. Acetylcholinesterase (AChE) enzyme and butyrylcholinesterase (BChE) enzyme inhibitors have the potential to alleviate neurodegenerative diseases and dementia. Compounds such as flavonoids, which show antioxidant activity, have been shown to also possess AChE and BChE inhibitory activities. Since the extracts of S. caesarea have been investigated previously for antioxidant activity, 6 in the present study AChE and BChE inhibitory activities of the plant extracts, as well as the flavones penduletin and apigenin, were analyzed.
Results and discussion
From the aerial parts of Sideritis caesarea, which is an endemic species to Turkey, 2 flavones and 6 flavone glycosides consisting of 3 isoscutellarein and 3 hypolaetin glycosides were isolated. The flavonoids were identified by UV and 1D-and 2D-NMR techniques and by comparison with the reported data as penduletin Figure 1 ; Tables   1-3 ). The trimethoxylated flavone penduletin (1) has been isolated from a Sideritis species for the first time in this study. The substitution pattern was indicated by the UV spectrum and verified by other spectroscopic techniques. The presence of hydroxyl groups at C-5 and C-4' and oxygenation at C-3 were observed from the UV data. Oxygenation at position C-3, but no 3-OH group, was indicated by λ max at 333 nm in MeOH. A 56-nm bathochromic shift from λ max 333 nm to λ max 389 nm on addition of NaOMe showed the presence of 4'-OH. A shift from λ max 333 nm to λ max 356 nm was due to complex formation with AlCl 3 by 5-OH and the carbonyl function at C-4. No hypsochromic shift was observed by the addition of HCl to the AlCl 3 solution, verifying the absence of ortho-dihydroxyl groups.
The
1 H NMR spectrum of compound 1 in CDCl 3 (Table 1) is characteristic only of a nonoxygenated C-8 in flavones. 22 Instead, the methine proton of a nonoxygenated C-6 appears at δ 94-98. The HMBC experiment (Figure 2 ), exhibiting 3-bond away correlations from H-8 to C-10 ( δ 106.8) and from H-8 to C-6 (δ 132.49), verified that the δ H 6.50 singlet belongs to H-8. In the case of free C-3, C-3 would be observed at about 100-105 ppm in the 13 C NMR spectrum. However, there is no methine signal observed in this range. An HMBC correlation between the singlet signal at δ H 3.86 and the carbon signal at δ C 138.95 verified the presence of a methoxyl group at C-3. The location of the remaining 2 methoxyl groups was also assigned by 3-bond away HMBC correlations: from δ 3.92 (OCH 3 ) to 132.49 ppm (C-6) and from δ 3.95 (OCH 3 ) to 158.29 ppm (C-7) ( Table 1) . In previous studies on Turkish Sideritis species, only the trimethoxylated flavone xanthomicrol (5,4'-dihydroxy-6,7,8-trimethoxyflavone) was obtained from Sideritis stricta. 13 It differs from compound 1 with the 3 methoxyl groups located on ring A.
The anticholinesterase activity of the crude acetone, methanol, and water extracts of the aerial parts of S. caesarea and of compounds 1 and 2 were determined. The water extract exhibited better activity against AChE while the acetone extract exhibited better activity against BChE. Penduletin showed significant activity against BChE with an inhibition value of 66.58%. However, apigenin's inhibition on the enzymes was insignificant (Table 4) . In conclusion, as part of our studies of the Sideritis species of Turkey, we have investigated the flavonoid constituents of Sideritis caesarea. The flavones apigenin and penduletin, as well as 6 glycosylated derivatives of the 8-hydroxyflavones isoscutellarein and hypolaetin, were isolated and identified. This is the first report on the isolation of penduletin from a Sideritis species. The investigated anticholinesterase activity of the crude extracts of Sideritis caesarea and of its flavones was found to be weak-moderate, except for penduletin, which exhibited high activity against BChE. (Merck) aluminum sheets were used for preparative thin layer chromatography (TLC). The isolated compounds were detected by UV fluorescence and by spraying with a solution of Ce(SO 4 ) 2 reagent (2 g of Ce(SO 4 ) 2 in 100 mL of 6 M H 2 SO 4 ), followed by heating at 100-110
• C for 1 to 2 min. The anticholinesterase activity measurements were done on a 96-well microplate reader, Spectra-Max 340PC 384 , Molecular Devices (USA).
The measurements and calculations were evaluated by using Softmax PRO v5.2 software.
Plant material
The whole plant S. 
Extraction and isolation
First, 795 g of the powdered whole plant was extracted successively with petroleum ether, acetone, methanol, and water. The acetone extract (21.37 g) was fractionated on a silica gel column with petroleum ether, dichloromethane, acetone, and methanol gradients. The isolated compounds were purified on Sephadex LH-20 columns eluted with MeOH with repeated preparative TLC applications. The acetone extract yielded compounds 1-8. Penduletin (1) 
Anticholinesterase activity
AChE and BChE inhibitory activities were measured by a slight modification of the spectrophotometric method developed by Ellman et al. 23 Acetylthiocholine iodide and butyrylthiocholine chloride were used as substrates of the reaction and 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB) was used for the measurement of the anticholinesterase activity. First, 160 µ L of 100 mM sodium phosphate buffer (pH 8.0), 10 µ L of test compound solution, and 10 µ L of AChE or BChE solution were mixed and incubated for 15 min at 25
• C and 10 µ L of DTNB was added. The reaction was then initiated by the addition of 10 µ L of acetylthiocholine iodide or butyrylthiocholine chloride. The hydrolysis of these substrates was monitored spectrophotometrically by the formation of yellow 5-thio-2-nitrobenzoate anion as the result of the reaction of DTNB with thiocholine, released by the enzymatic hydrolysis of acetylthiocholine iodide or butyrylthiocholine chloride, at a wavelength of 412 nm. Methanol was used as a solvent for the test compounds and for the control.
Statistical analysis
All data on all anticholinesterase activity tests are the average of triplicate analyses. The data were recorded as mean ± standard deviation. Analysis of variance was performed by ANOVA procedures. Significant differences between means were determined by Student's t-test. P < 0.05 was regarded as significant.
